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Consequent to recent advances in surgical techniques and management, survival rate has increased
substantially over the last 25 years, particularly in colorectal cancer patients. However, post-operative
morbidity and mortality from colorectal cancer vary widely across the country. Therefore, standardised
outcome measures are emphasised not only for professional accountability, but also for comparison
between treatment units and regions.
In a heterogeneous population, the use of crude mortality as an outcome measure for patients
undergoing surgery is simply misleading. Meaningful comparisons, however, require accurate risk
stratiﬁcation of patients being analysed before conclusions can be reached regarding the outcomes
recorded. Sub-specialised colorectal surgical units usually dedicated to more complex and high-risk
operations. The need for accurate risk prediction is necessary in these units as both mortality and
morbidity often are tools to justify the practice of high-risk surgery.
The Acute Physiology And Chronic Health Evaluation (APACHE) is a system for classifying patients in
the intensive care unit. However, APACHE score was considered too complex for general surgical use. The
American Society of Anaesthesiologists (ASA) grade has been considered useful as an adjunct to informed
consent and for monitoring surgical performance through time. ASA grade is simple but too subjective.
The Physiological & Operative Severity Score for the enUmeration of Mortality and morbidity
(POSSUM) and its variant Portsmouth POSSUM (P-POSSUM) were devised to predict outcomes in surgical
patients in general, taking into account of the variables in the case-mix. POSSUM has two parts, which
include assessment of physiological parameters and operative scores. There are 12 physiological
parameters and 6 operative measures. The physiological parameters are taken at the time of surgery.
Each physiological parameter or operative variable is sub-divided into three or four levels with an
exponentially increasing score. However, POSSUM and P-POSSUM over-predict mortality in patients who
have had colorectal surgery. Discrepancies in these models have led to the introduction of a specialty-
speciﬁc POSSUM: the ColoRectal POSSUM (CR-POSSUM). CR-POSSUM only uses six physiological
parameters and four operative measures for prediction of mortality. It is much simpliﬁed to allow ease of
use.
 2010 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Colorectal cancer is the second commonest cause of cancer-
related death after lung cancer in the developed world. About
30,000 new cases and 17,000 deaths are registered in United
Kingdom every year. Consequent to recent advances in surgical
techniques and management, survival rate has increased substan-
tially over the last 25 years, particularly in colorectal cancer
patients.1 However, post-operative morbidity and mortality from
colorectal cancer vary widely across the country.2 Therefore,V34 5FE, UK. Tel.: þ44 07771
).
ciates Ltd. Published by Elsevier Ltstandardised outcome measures are emphasised not only for
professional accountability, but also for comparison between
treatment units and regions.3
In a heterogeneous population, the use of crude mortality as an
outcome measure for patients undergoing surgery is simply
misleading. Meaningful comparisons, however, require accurate
risk stratiﬁcation of patients being analysed before conclusions can
be reached regarding the outcomes recorded.4 Sub-specialised
colorectal surgical units are usually dedicated to more complex and
high-risk operations. The need for accurate risk prediction is
necessary in these units as both mortality and morbidity often are
tools to justify the practice of high-risk surgery.
The American Society of Anaesthesiologists (ASA) grade has
been considered useful as an adjunct to informed consent and for
monitoring surgical performance through time.5 ASA grade isd. All rights reserved.
Table 1
The physiological variables used in APACHE
Core temperature
Mean arterial pressure
Heart rate
Respiratory rate e ventilated or non-ventilated
Oxygen saturation
FIO2> 0.5 record A-aDO2
FIO2< 0.5 record PaO2
Arterial pH
Serum sodium
Serum potassium
Serum creatinine
Haematocrit
White blood cell count
Glasgow coma score
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proposed. The drawback of ASA is that it is too subjective and
therefore open to manipulation.
The Acute Physiology And Chronic Health Evaluation (APACHE)6
is a system for classifying patients in the intensive care unit.
APACHE Scoring has now had three updated versions. The ﬁrst one
was introduced in 1981, when 34 physiological variables taking the
worst value in the ﬁrst 24 hours of admission to ITU were used. The
second version was released in 1985, when only 14 physiological
variables (Table 1) added to a score derived for age and chronic
health. The 2001 version of APACHE score has additional variables
such as prior treatment location and the disease requiring intensive
care support.7 However, APACHE score was considered too complex
for general surgical use.2. Risk-adjusted scoring systems
The Physiological & Operative Severity Score for the enUmera-
tion of Mortality and morbidity (POSSUM)8 and its variantTable 2
POSSUM, P-POSSUM and CR-POSSUM physiological (a) and operative scores (b).
Age (a) Physiological score
1 2
60 61e70
Cardiac signs No failure Diuretic, digoxin
anti-anginal or
hypertensive the
Respiratory signsa No dyspnoea Dyspnoea on exe
Mild obstructive
airway disease
Systolic blood pressure (mmHg) 110e130 131e170
100e109
Pulse (rate per minute) 50e80 81e100
40e49
Glasgow coma scalea 15 12e14
Haemogloblin (gram/decilitre) 13e16 11.5e12.9
16.1e17.0
White cell counta (109 cells/litre) 4e10 10.1e20
3.1e4.0
Urea (mmol/litre) 7.5 7.6e10
Sodiuma (mmol/litre) 136 131e135
Potassiuma (mmol/litre) 3.5e5.0 3.2e3.4
5.1e5.3
Electrocardiograma Normal
Operative severity (b) Operative score
1 2
Minor Moderate
Multiple proceduresa 1
Total blood lossa (ml) 100 101e500
Peritoneal soiling None Minor (serous ﬂ
Malignancy None Primary only
Mode of surgery Elective
a Indicates parameters which are not included in CR-POSSUM.Portsmouth POSSUM (P-POSSUM)9 were devised to predict
outcomes in surgical patients in general, taking into account of the
variables in the case-mix. P-POSSUM was based on a reanalysis of
data collected on 10,000 patients in Portsmouth. POSSUM has two
parts, which include assessment of physiological parameters and
operative scores (Table 2).
There are 12 physiological parameters and 6 operative
measures. The physiological parameters are taken at the time of
surgery. Each physiological parameter or operative variable is sub-
divided into 3 or 4 levels with an exponentially increasing score.
Prytherch et al.9 claimed that POSSUM over-predicted 30-day post-
operative mortality in low-risk patients. In order to compensate to
this effect, P-POSSUM was derived using linear analysis on the
original POSSUM equation utilising the same physiological and
operative variables. This only affects how the data is analysed but
not the data collection. However, POSSUM and P-POSSUM over-
predict 30-day post-operative mortality in patients who have had
colorectal surgery.10 The original POSSUM was designed to analyse
outcomes in whole populations, however P-POSSUM was adapted
using a linear model to predict risk-adjusted outcomes for indi-
vidual patients. This may in part account for the over estimation of
mortality of these models in addition to variation between the two.
Discrepancies in these models have led to the introduction of
a specialty-speciﬁc POSSUM: the ColoRectal POSSUM (CR-
POSSUM).11 CR-POSSUM only uses six physiological parameters and
four operative measures for prediction of mortality. It is much
simpliﬁed to allow ease of use.
Critics have suggested that CR-POSSUM might be too non-
speciﬁc for prediction of 30-day post-operative mortality in4 8
70
,
rapy
Peripheral oedema
or warfarin therapy
Raised central venous
pressure or Cardiomegaly
rtion Limiting dyspnoea
(one ﬂight) or moderate
obstructive airway disease
Dyspnoea at rest
(rate 30/min)
Fibrosis or consolidation
171
90e99
89
101e120 121
39
9e11 8
10.0e11.4 9.9
18.1
20.1
3.0
10.1e15.0 15.1
126e130 125
2.9e3.1
5.4e5.9
2.8
 6.0
Atrial ﬁbrillation
(rate 60e90)
Any abnormal rhythm
or  5 ectopics/minute
or Q waves or ST/T
wave changes
4 8
Major Major þ
2 >2
501e999 1000
uid) Local pus Free bowel content
Nodal metastasis Distant metastasis
Urgent Emergency
Table 3
Equations for calculation of risk of death by predictive score.
POSSUM
Loge [R/(1 R)]¼7.04þ (0.13 physiological score)þ (0.16 operative
score)
CR-POSSUM
Loge [R/(1 R)]¼9.167þ (0.33 physiological score)þ (0.30 operative
score)
P-POSSUM
Loge [R/(1 R)]¼9.065þ (0.16 physiological score)þ (0.15 operative
score)
ACPGBI
Loge [R/(1 R)]¼ þ(4.859 total score)
R, predicted risk of death for POSSUM, P-POSSUM, CR-POSSUM predictive
scores and for ACPGBI score.
Table 5
Chart for conversion of ACPGBI score to predicted 30-day mortality.
ACPGBI score Predicted 30-day mortality
0.0 0.8
0.1e0.4 0.9e1.1
0.5e0.8 1.3e1.7
0.9e1.2 1.9e2.5
1.3e1.6 2.8e3.7
1.7e2.0 4.1e5.4
2.1e2.4 6.0e7.9
2.5e2.8 8.6e11.3
2.9e3.2 12.3e16.0
3.3e3.6 17.4e22.1
3.7e4.0 23.9e29.8
4.1e4.4 31.9e38.7
4.5e4.8 41.1e48.5
4.9e5.2 51.0e58.4
5.3e5.6 60.8e67.7
5.7e6.0 69.9e75.8
6.1e6.4 77.6e82.4
6.5e6.8 83.8e87.4
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models are used to predict various different clinical conditions,
including benign andmalignant disease. In 2003, the Association of
Coloproctology of Great Britain and Ireland (ACPGBI) devised
a scoring system for use speciﬁcally in surgical patients with
colorectal cancer.
The model uses multilevel regression analysis to adjust for
multiple risk factors, their interactions, and the clusteringof adverse
outcomes in hospitals. The system was found to be simpler to use
than the three POSSUM models.12 The ACPGBI score assesses only
ﬁve operative variables: age, cancer resection, ASA grade; Dukes’
stage and operative urgency. Both CR-POSSUM and ACPGBI score
have recently been validated as accurate predictor of 30-day post-
operative mortality in colorectal cancer patients in a recent series.13
Table 3 shows the equations for calculation of predicted
mortality by use of the scoring systems. The total physiological
scores and operative scores are entered in the equation to give
predicted 30-day post-operative mortality. The ACPGBI model is an
additive score of ﬁve measurements (Table 4), which is used in the
ACPGBI equation (Table 3) to give predicted mortality. Table 5
shows conversions that can then be used to predict mortality. A
computer program can be used to calculate the probability of death,Table 4
Factors for calculation of ACPGBI score.
Score
Age (years)
<65 0
65e74 0.7
75e84 1.1
85e94 1.3
95 2.6
Cancer resected
ASA I 0
ASA II 0.8
ASA III 1.6
ASA IVeV 2.5
Cancer not resected
ASA I 1.7
ASA II 1.8
ASA III 2.1
ASA IVeV 2.4
Cancer stage
Dukes’ stage A 0
Dukes’ stage B 0
Dukes’ stage C 0.2
Dukes’ stage D 0.6
Operative urgency
Elective 0
Urgent 0.8
Emergency 1.1and allows the calculation of ACPGBI score and all three POSSUM
scores. Table 6 illustrates the ASA component.
3. Validation of risk-adjusted scoring systems
Although POSSUM scoring systems are useful, their validation is
somewhat constantly required as variations do occur between
centres. In a recent study,14 P-POSSUM underestimated 30-day
post-operative mortality in a large series of patients. In spite of the
fact that P-POSSUM was initially developed in order to assess low-
risk patients, it did not accurately predict risk of 30-day post-
operative mortality in the low-risk groups. In contrast, although
CR-POSSUM was better at predicting the overall 30-day post-
operative mortality risk, it over-estimated mortality risk when
stratifying the patients into different risk bands. These results were
consistent with other published data on colorectal cancer
patients12 and other general surgical patients.15 However, a study
from New Zealand reported that P-POSSUM was a better predictor
of post-operative mortality risk in patients undergoing colorectal
surgery than CR-POSSUM.16 The inconsistent ﬁndings suggest that
different populations, institutions or healthcare system can them-
selves affect surgical outcome.
However, Machado et al.17 recently validated the POSSUM
systems in Uruguay by comparing surgical outcomes in one private
and another public healthcare institution in Montevideo. The
authors studied 815 patients prospectively, and concluded that their
observed morbidity and mortality were within the range predicted
by POSSUM and P-POSSUM application. There were signiﬁcant
differences in surgical outcomes between the two institutions,
considering the different mix of patients and interventions.
Most recently, Ugolini et al.18 demonstrated an overall mortality
of 6.25%, which was most accurately predicted by P-POSSUM score
than CR-POSSUM or ACPGBI score system: the latter being the least
accurate with a prediction of mortality at 19.42%. Interestingly, the
same author19 only 6 months earlier demonstrated respectfullyTable 6
ASA score.
ASA Grade deﬁnition
I Normal healthy individual
II Mild systemic disease that does not limit activity
III Severe systemic disease that limits activity but is not incapacitating
IV Incapacitating systemic disease which is constantly life-threatening
V Moribund, not expected to survive 24 hours with or without surgery
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undergoing elective and emergency colectomies using both
P-POSSUM and CR-POSSUM. This partial contradictory conclusion
highlights three points. Firstly, no single scoring system can be
declared most accurately in the prediction of 30-day mortality
following colorectal resection and that a better predictive model is
still needed. Secondly, these scoring systems only account for
patient factors and some intra-operative parameters but not post-
operative factors. These may include availability of experienced
sub-specialised surgical and anaesthetic team, modern intensive
care andmultidisciplinary support. Lastly, some parameters may be
considered subjective; in particular the amount of blood loss during
surgery. This may reﬂect the difﬁculty of the operation or the
degree of available surgical skill.
4. Elective and emergency patients
Comparative study between elective and emergency cases
should be carefully interpreted. Emergency patients tend to have
worse off physiological and operative parameters, which would
have been risk-adjusted for by the POSSUM equations. However,
equations do not take into account for the degree of care provision
in an emergency setting: junior surgeons and anaesthetists, and
availability of intensive care etc. CR-POSSUM was developed in
order to accommodate the procedure-speciﬁc characteristics in
colorectal surgery,11 similar to the POSSUM systems adjusted for
vascular surgery20 and oesophageal surgery.21 In a study that
compared POSSUM, P-POSSUM and CR-POSSUM, CR-POSSUM was
found to be the most promising tool for colorectal surgery.22 A
similar study23 carried out in China recruited a fairly similar
number of patients over a 13-year period. Their reported actual
mortality was only 1%, compared with predicted rates of 5.6%,
2.8%, and 4.8% for POSSUM, P-POSSUM and CR-POSSUM, respec-
tively. Their patients were largely elective cases and laparoscopic
surgery was employed in the latter years: another example of
geographical variations of mortality prediction by these scoring
systems.
5. Malignant and benign conditions
In patients following colorectal resections, the difference in
mortality between malignant and benign conditions has also been
highlighted. Oomen et al.24 concluded a much lower mortality rate
in elective sigmoid colectomy patients with malignant than
divertcular disease. Reasons were unclear: these elective divertic-
ular patients may be listed as a result of many recurrent attacks of
acute diverticulitis rendering difﬁcult surgery.
Certainly, none of the scoring systems accurately predicted
mortality; however, P-POSSUM and CR-POSSUM accurately pre-
dictedmortality in bothmalignant and diverticular disease once the
malignant status parameter of the operative score was removed.
6. Post-operative morbidity
Whilst the need for accurate prediction of post-operative
mortality is evident, morbidity remains the most common
complication following colorectal surgery. P-POSSUM and CR-
POSSUM have shown to be useful in predicting mortality, however
the original POSSUM model is still the only model designed to
predict morbidity and was shown in a recent meta-analysis of
scoring systems to be accurate in the prediction of post-operative
morbidity in colorectal cancer patients.25 However POSSUM is only
able to predict all cause morbidity and as yet there are no available
risk-adjusted scoring systems able to accurately predict the prob-
ability of speciﬁc complications.As laparoscopic colorectal surgery becomes increasingly wide-
spread the need for a model which can predict individual causes of
morbidity such as anastomotic leak is imperative to allow mean-
ingful comparisons of patient outcomes with different surgical
techniques and between different centres. This will require more
detailed recording of all complications to allow the POSSUMmodel
to be further developed in this role.
7. Surgeons’ performance in colorectal surgery
The reports of the National Conﬁdential Enquiry into Perioper-
ative Deaths (NCEPOD), Comparative Audit Services and the Royal
colleges of surgeons highlighted the need to improve training and
competencies of surgeons in attempt to improve patients’
outcomes and surgeons’ performance.26,27 Public and media
interest in surgical performance in United Kingdom has been
stimulated by the publication of “league tables” that rank hospitals
according to crude mortality rates. In USA, similar tables are fol-
lowed by “performance tables” for surgeons.28 Risk-adjusted
scoring systems have also been used to assess surgeons’ perfor-
mance,29 especially for those “general surgeons” still performing
colorectal resections.
Surgeons nowadays are fully aware that the interrelationship
between operative mortality and surgeon’s performance is a vital
issue of clinical governance. It is well recognised that a scoring
system that can estimate and compare operative mortality rates is
necessary in surgical ﬁeld.30 The scoring system must be easy to
use, reproducible, utilisation of simple available variables and
accurate enough to make fair comparison of outcome for different
units, hospitals or surgeons.
Increasing sub-specialisationwithin branches of surgery means
that experience of surgeons undoubtedly leads to a signiﬁcant
improvement in results.31 A better surgical outcome, which in-
cludes both morbidity and mortality, is anticipated in favour of the
coloproctologists. This could be explained by their much updated
colorectal principles and formation of fewer stomas.
Coloproctologists performed many more elective colorectal
operations whereas the non-coloproctologists performed colo-
rectal surgery predominantly during the emergency setting. It
would be prejudiced, therefore, to assume that the cause of this
increased mortality was purely related to performance or tech-
nique of the surgeon. Other confounding factors must be taken into
account such as pre-operative characteristics of the patients,
anaesthesia, critical care management and standard of post-oper-
ative care. Furthermore, non-coloproctologists were likely to be
operating on these sick and under-resuscitated patients out-of-
hours and weekends, when other disciplinary support would be
scanty. These differences may generate a higher morbidity and
mortality rate amongst non-coloproctologists.
The variation in operative mortality rates in a recent series
amongst coloproctologists14 was mostly related to physiological
status of the patients, mode of surgery and to the case-mix. The
results signiﬁed that POSSUM scoring system was found to over-
estimate mortality rates. The CR-POSSUM predicted mortality rates
most accurately to the observed mortality rates, which implied
a better than predicted performance. Therefore, the CR-POSSUM
scoring systemwas recommended as the risk-predictor of mortality
in colorectal surgery.
As laparoscopic colorectal surgery takes on its popularity, the
CR-POSSUM may no longer be the most accurate system. Law
et al.32 evaluated the outcome of laparoscopic colorectal resection
with POSSUM, and CR-POSSUM. It was found that all systems over-
estimated mortality and morbidity in patients who underwent
laparoscopic colorectal resection. However, the mortality rate in
patients who required conversion ﬁtted the models of CR-POSSUM,
E. Leung et al. / International Journal of Surgery 9 (2011) 130e135134and the morbidity rate was comparable to that predicted by
POSSUM.
Similarly, Senagore et al.33 concluded that laparoscopic colo-
rectal resection appeared to be associated with lower morbidity
and mortality rates than those predicted by the POSSUM scoring
system. New predictive models are ostensibly required for laparo-
scopic colorectal resections.8. Risk-adjusted scores in practice
There is much public and media concern regarding the apparent
differences in mortality between hospitals since the “Bristol
enquiry”34 in the late 1990s. Doctor Foster Intelligence35 was set up
in 2000 as an independent commission providing accessible
healthcare information and guides to health services in both public
and private sector. However, their league tables use information,
which cannot be veriﬁed or validated. Validated risk-adjusted
scores are therefore helpful in drawing the correlation between
operative mortality and surgical performance, which is a vital
clinical governance issue.
Since surgeons are accountable for clinical outcomes, POSSUM
scores have become statistical tools that adjust for the case-mix and
can be used for performance evaluation. Therefore, their operative
mortality rates are objective measures of outcome; thus can be
used to compare quality of care. Furthermore, informed consent to
surgery is truly informed unless operative risk is estimated by
considering the patient’s existing co-morbidities, extent of disease
and complexity of the proposed treatment. Patients and carers may
then make decisions with greater awareness of the risks involved.
Morbidity is much more difﬁcult to measure since speciﬁc deﬁni-
tions are needed to help collect the appropriate information
prospectively. There are very few published studies36 of the rela-
tionship between POSSUM data and morbidity.
Moreover, objective prediction of outcome identiﬁes high-risk
patients pre-operatively, which can assist in resource utilisation.
This includes early involvement of intensivists and other speci-
alised disciplines with potential need for intensive care allocation.9. Limitation to POSSUM scores
Most studies in the current literature were based on one unit
within a deﬁned geographical location. Meta-analysis of similar
studies across many different populations will aid determination of
validity of the POSSUM equations. Indeed, further adjustments to
POSSUM equations could potentially improve their predictive
power. Adjustments could include addition, deletion or substitu-
tion of a parameter, or alteration of the constant value within the
equation. New physiological or operative parameters have been
considered, which include gender, requirement of blood trans-
fusion, site of lesion, timing of surgery37 and pre-operative serum
brain natriuretic protein level.38 The assessment and adjustment of
an accurate scoring system for prediction of post-operative
mortality risk remains a continuing challenge.Conﬂicts of interest
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